Passive hemagglutination (HA), a bactericidal activity test (BCA), and radioimmunoassay (RIA) were compared in measuring serum antibodies before and after group A meningococcal capsular polysaccharide vaccination of servicemen. The three methods were found satisfactory in demonstrating a response to vaccination in this age group. Of the postimmunization sera, 5% remained without HA and 1% remained without BCA activity; 1% of the postimmunization sera had less than 2 ,ig of antibody per ml as measured by RIA. Approximately 60% of the serum pairs showed a-32-fold rise in HA titer, a -25-fold rise in BCA titer, or a >-4-fold rise in antibody concentration by RIA. A difference in response to two different vaccine lots was seen with RIA and BCA. Although the calculated correlation between the three methods was good, some individual sera gave discrepant results. These could be shown to be due mainly to one of the following factors: low HA titer was due to lack of the immunoglobulin M and A classes of antibodies, low BCA titer was due to the blocking effect of high immunoglobulin A content, and high BCA titer was due to antibodies directed to bacterial components other than the capsular polysaccharide.
About 10 years ago, Gotschlich and his coworkers isolated the capsular polysaccharide from group A and C meningococci (15) and demonstrated that the majority of the bactericidal activity in the sera of patients after meningococcal infection was directed against this component (13) . The isolated polysaccharides were immunogenic (14) , and their protective efficacy in field trials was promising (4, 10) . Since then, vaccines of group A or C meningococcal capsular polysaccharides have been used with success in large vaccination trials as well as to combat epidemics in Africa (8, 30, 31) , Finland (22, 23, 25, 26) , and Brazil (28, 33) . Many different serological methods have been used to measure the antibody response to these vaccines: passive hemagglutination (HA; 3, 15) , latex agglutination test (29) , immunofluorescent assay (3, 12) , opsonizing activity test (27) , bactericidal activity test (BCA; 11, 12, 20) , and radioimmunoassay (RIA; 7, 17, 23 The BCA test was performed as described earlier (11, 12) using Neisseria meningitidis group A strain Ala (from Merck Sharp & Dohme) and fresh absorbed rabbit serum as complement. The highest serum dilution that gave 50% killing was taken as the titer endpoint.
RIA was performed as described earlier (17, 23) . In short, 50 p1 of serum or its dilution and 50 11 of the labeled MenA antigen (0.1 ,g/mi) were mixed in a test tube and kept overnight at 4°C. Then the antigenantibody complexes were precipitated by ammonium sulfate and counted. The tyramine derivative of group A meningococcal polysaccharide, used for preparing the '25I-labeled MenA, was received from E. C. Gotschlich (Rockefeller University, New York, N.Y.). The preimmunization sera were measured undiluted and diluted 1:5, and the postimmunization sera were measured undiluted and diluted 1:10 in fetal calf serum (Microbiological Associates, Walkersville, Md.). Dilutions of serum ECG (17) , received from Gotschlich, were used as standards.
Absorption of sera with MenA polysaccharide was done in some experiments as described (13) .
Immunoglobulin class determinations were done by RIA using anti-immunoglobulin G (IgG), -IgM, and -IgA antisera (Dakopatts, Copenhagen, Denmark) instead of ammonium sulfate for precipitation of the antigen-antibody complexes. The assays were performed as follows: 50 ul of the '25I-labeled MenA antigen (0.1 ,ug/ml) and 20 Il of undiluted serum were mixed and incubated overnight at 4°C. Next day the antibodies and the labeled antigen attached to them were precipitated by adding 300, 70, or 100 pl of antiIgG, -IgM, or -IgA antiserum, respectively. These amounts were adopted on the basis of data given by the manufacturer and preliminary tests with patient and normal human sera to check completeness of precipitation of antibody. The binding of antigen was linearly correlated with the concentration of immunoglobulins (dilutions of a serum) in the area from 65 to 5%. Sera J and K in Table 4 BCA, and 1% were below 2,ug/ml by RIA. The RIA method showed a clear difference between the two vaccine lots used: the geometric mean anti-MenA titer reached after lot 553 was 23.9 ,g/ml, but that after lot 453 was only 12.9 ,g/ml (Table 3 ). The BCA titers reached after lot 553 were also somewhat higher than after lot 453 ( The rise in antibody titers in each pair of sera is analyzed in Fig. 1 to 3 . No rise in HA or BCA titer was seen in less than 10% of them. A less than twofold rise in antibody concentration measured by RIA was seen in about 15% of the serum pairs. These were usually pairs with a high antibody level already in the prevaccination sample. Approximately 60% of the pairs showed a -32-fold rise in HA titer, a -25-fold rise in BCA titer, or a -4-fold rise in antibody concentration by RIA. Also by this comparison, the two vaccine lots differed most clearly when antibodies were measured by RIA.
It is thus clear that all three methods can be used to measure both the prevaccination antibody levels and the response to vaccination with the current capsular polysaccharide vaccines in adult populations. However, HA, as the least sensitive, has in fact been shown too insensitive to detect vaccine responses in infants in a satisfactory manner (17, 24) . For these subjects the most sensitive method, RIA, is definitely to be recommended.
Correlation between HA and RIA. A priori, HA and RIA could be expected to show good correlation, because they both measure antibodies to the capsular polysaccharide only. However, HA detects mainly IgM (2,3), whereas the RIA, in which the antibody bound to antigen is precipitated with ammonium sulfate, measures ail immunoglobulin classes. The poor sensitivity of the HA was seen in sera with low (c2 yg/ml) anti-MenA values: all these sera were negative or only weakly positive by HA. When these sera were omitted from the calculation, the correlation between HA and RIA was good (r = 0.70, P < 0.001), and the regression line was linear (Fig. 4) .
The analysis of the immunoglobulin class distribution of the anti-MenA (Table 4) shows that a large part of the scatter in HA values at any given level of anti-MenA measured by RIA can be explained by varying immunoglobulin class distribution. This has previously been suggested as a possibility by Brandt and Artenstein (5) . For example, sera A to D, which had low HA activity, contained almost exclusively IgG-class anti-MenA. The lack of IgM and IgA anti-MenA in these sera is not unreasonable: all of them were preimmune sera in which the antigenic stimulus may have been a long time ago so that only IgG antibodies would survive.
Correlation between BCA and the other methods. The bactericidal antibody assay differs from both HA and RIA by measuring antibodies not only to the capsular polysaccharide but to other components of the cell wall as well. Specifically, antibodies directed to the major outer membrane protein, the so called serotype antigen, have been shown to be bactericidal (9) . Furthermore, the BCA preferentially measures antibodies of the IgG class (2, 14) and has been shown to be inhibited by antibodies of the IgA class (18) . The correlation of BCA to HA (Fig.  5) was, however, very good (r = 0.73, P < 0.001), and that of BCA to RIA (Fig. 6 ) was good (r = 0.57, P < 0.001), with linear regression lines when sera with low amounts of antibody (<2 pg/ ml by RIA) were omitted from the calculations.
Of 114 sera with measurable HA antibody, almost all (110) also had bactericidal activity, positive in BCA with titers ranging from 1:10 to 1:250. This may reflect the lower sensitivity of the HA compared to the BCA method, but at least two other factors also play a role. Almost all (47 of 49) of these HA-negative BCA-positive sera were taken before immunization. Half (23) of these 47 contained appreciable amounts of anti-MenA as measured by RIA (ranging from 2 to as high as 26.8 ,ug/ml). Four of these (A to D) were analyzed as to the immunoglobulin class distribution of the anti-MenA (Table 4 ). All four had a very low concentration of IgM anti-MenA, explaining the lack of HA activity. The remaining half (24) had less than 2 ,ug of anti-MenA polysaccharide antibody per nml, consistent with lack of HA activity. In these sera the bactericidal activity is assumed to be directed to components other than the capsular polysaccharide. Anti Most (72 of 76) sera that contained -8,g of anti-MenA per ml had BCA titers exceeding 1:10, whereas four had low bactericidal activity. Two of these were preimmunization sera, and two were postimmunization sera. Two of these exceptional sera were further analyzed (F and G in Table 4 
